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This study contains data of seven blue cultivars of table grape (Vitis vinifera L. and Vitis labrusca L.): Attika, Early 
Cardinal, Eszter, Chasselas rosé, Königliche Esther, Muscat bleu, and Nero. The following were determined in intact 
berries: malic, tartaric, and titratable acids, pH values, sugar content, and antioxidant capacity. Concentrations of the 
following compounds were determined in the pulp of analysed berries: phenolic acids and catechins. The last 
analysis focused on skins; in addition to the same phenolic acids and catechins, excluding epicatechin, analysed 
from pulp; ferulic acid and stilbenes were also studied. Higher contents of procyanidin B2 and gallic acid were found 
in the pulp as compared to those found in skins. Studies during the ripening stage showed that the higher ratio of 
procyanidin B2 and gallic acid concentrations in the pulp vs. skins relates to late-ripening cultivars, while for early-
ripening cultivars a lower ratio was observed. Contents of phenolic acids, catechin, stilbenes, and anthocyanins were 
studied by means of LC-DAD; other compounds were measured by FTIR.
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Grapes are one of the best-known types of fruit and play a role in nutrition as a commodity 
to produce wine, must, juice, syrup, raisin, table grape, and other food products. Unlike wines 
with considerable alcohol content, table grape can be consumed by the major part of the 
population including children, pregnant women, and other groups. In addition to the prevailing 
compounds such as water, sugars, and acids, other compounds with positive effects on human 
health are also present in grape/wine, mainly secondary metabolites, e.g. phenolic acids 
(LÓPEZ-GUTIÉRREZ et al., 2016), anthocyanins (LI et al., 2009), stilbenes (BAVARESCO et al., 
2016), catechins (MIKES et al., 2008), and other members of the polyphenol group. 
Unfortunately, many of these phenolic compounds were destroyed as waste in wine production 
in the past decades, e.g. stems, grape pomace, and wine lees (CVINER et al., 2017). Phenolic 
acids can be classifi ed as two groups of derivatives according to their metabolism: benzoic 
and cinnamic acids (LI et al., 1993). Anthocyanins are present in the berry skin as pigments; 
their content changes during ripening, and their properties depend on pH and other parameters, 
as was described in our previous study (TOMANKOVA et al., 2016). Catechins and stilbenes 
have been studied in the last decades (BERGER & HERRMANN, 1971), as stilbenes – more 
specifi cally resveratrol – are connected with what is referred to as ‘French paradox’ (GALINSKI 
et al., 2016). During ripening, concentrations of procyanidins decrease (JORDÃO et al., 2001). 
Time of ripening changes the contents of polyphenols not only in grape – a similar decrease 
in polyphenols was observed in other types of plant fruits as well, e.g. tomatoes and peaches 
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(SNURKOVIC, 2015). Polyphenols play a positive role in human health as well, acting as 
antioxidants, anticarcinogenic agents (HADI et al., 2010), antimicrobials, scavenge reactive 
oxygen species (DRISS & EL-BENNA, 2010), etc., and their distribution in different cultivars at 
different degree of ripening are studied in this manuscript.
1. Materials and methods
1.1. Chemicals and standards
ABTS (Fluka), ascorbic acid (Carl Roth, p.a.), HCOOH (Merck, p.a.), HCl 37% (VWR), 
K2S2O5 (Keller – KD), CH3OH (Promochem, HPLC), HClO4 60% (Riedel-de Haën), 
phosphate buffer 0.5 mmol l–1 of pH = 1.8 [made with: KH2PO4 (Merck, p.a.), the pH was 
adjusted by 85% H3PO4 (VWR)], K2S2O8 (Sigma-Aldrich), Trolox (Sigma-Aldrich), and 
water (VWR, HPLC) were used.
1.2. Methods and instrumentation
HPLC measurements were performed with LC-DAD type Agilent Technologies 1200 Series, 
column: Agilent Zorbax SB-C18, Rapid Resolution HT, 2.1×150 mm, 1.8 μm, 600 bar; 
column temperature 40 °C, fl ow 0.25 ml min–1, inject 5 μl. Mobile phases were: A (0.5% 
HCOOH), B (100% methanol). For phenolic acids and catechins the following gradients 
were used (B phase): 4% at 0 min; 5% at 10 min; 7% at 24 min; 11% at 48 min; 30% at 65 
min; 70% at 70 min, and 70% at 80 min. Detection was carried out at 280 and 320 nm. For 
stilbenes and anthocyanins the following gradients were used (B phase): 3% at 0 min; 4% at 
30 min; 18% at 45 min; 30% at 80 min; 30% at 95 min; 70% at 100 min, and 70% at 110 min. 
Detection was carried out at 280, 320, and 362 nm.
FTIR type Foss Analytical A/S, WineScan Flex/Grape/Auto/SO2 was used for measuring 
malic acid, tartaric acid, titratable acids, and KMW (Klosterneuburg Must Weight Scale).
Antioxidant capacity was measured by UV-VIS type Agilent 8453, at 734 nm by ABTS 
method, expressed as TEAC (Trolox equivalent antioxidant capacity).
1.3. Samples
Table grape of V. vinifera L. (cultivar: Attika, Early Cardinal, Eszter, Chasselas rosé, 
Königliche Esther, Muscat bleu, and Nero) and V. labrusca L. (Concord) were studied from 
3 types of samples taken from the pulp, skins, and whole berries. The grape were obtained 
from Rothäcker XVI/Stiftsacker vineyards (both located on small hills facing south-southeast, 
180 m above sea level, with climatic conditions: the average temperature 9.9 °C, precipitation 
averages 615 mm) in Klosterneuburg, Austria, in the phase of consumption maturity. To 
eliminate the effects of varying environmental factors, the aforementioned cultivars of 
grapevine were studied during a 3-year period; until analysis they were stored frozen 
(–25 °C).
Skins from whole berries were peeled manually and mixed with either 0.4% HCl in 
CH3OH for measuring stilbenes (resveratrol, piceid) and anthocyanins (calculated as 
malvidin-3-glucoside), or 6% HClO4 for measuring phenolic acids and catechins. Before 
analysis, both were centrifuged and fi ltered, than measured at 280 and 320 nm using LC-
DAD.
223SOURAL et al.: DISTRIBUTION OF SUBSTANCES IN BLUE TABLE GRAPES
Acta Alimentaria 48, 2019
Pulp from whole berries was mixed with ascorbic acid and K2S2O5, centrifuged, and 
fi ltered to measure phenolic acids and derivatives of catechins using LC-DAD at 280 and 320 
nm.
Whole berries with seeds without stems were homogenized (mixed with seed destruction 
by blade mixer), centrifuged, and fi ltered for measurement using FTIR for analysing malic 
acid, tartaric acid, titratable acids, and sugar contents in KMW degrees and using UV-VIS to 
measure antioxidant capacity via the ABTS method (SOURAL et al., 2015).
2. Results and discussion
Average values from the 3-year period were calculated for all blue cultivars of table grape V. 
vinifera. Results are shown in Table 1. Based on the same or similar structure, catechins 
(catechin, epicatechin, procyanidins B1 and B2) were calculated altogether; the same was 
applied to derivatives of cinnamic acids (caftaric, coutaric, fertaric, and ferulic acids) and 
organic non-phenolic acids (malic and tartaric acids). Two-dimensional Principal Component 
Analysis (PCA) was done using all values obtained for the various parts of berries of all 
cultivars. The fi rst factor described 37.48% of variance, and second 22.27%. In Figure 1A, 
we can see three major groups of similar compounds or locations in berries, such as cinnamic 
acid in the pulp and in skins grouped with non-phenolic acids and titratable acids – continuous 
line circle. The second group includes compounds (catechins and gallic acid) in the pulp – 
dotted line circle. The third group is for compounds (catechins, gallic acid, stilbenes and 
anthocyanins) in the skin – dashed line circle.
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Fig. 1. Two-dimensional principal component analysis (PCA) plot of all measured parameters directly for KMW, 
antioxidant capacity, anthocyanins, pH, gallic acid, and titratable acids or in groups: catechins, stilbenes, and 
derivatives of cinnamic acids to the left (A); and for catechins and gallic acid contents in skins and the pulp to the 
right (B).
[P]: in the pulp; [S]: in skins; without brackets: in whole berries; PULP: group of compounds in the pulp; SKIN: 
group of compounds in skins; ACIDITY: all acids excluding gallic acid as a minor acid.
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2.1. Acidity, sugar contents, and antioxidant capacity
Contents of acids (in circle with continuous line) are inversely proportional to values of pH 
(which increases as acidity decreases), and, similarly, but to a smaller extent, to the decrease 
in KMW. This phenomenon corresponds to ripening, when acidity decreases, while sugar 
content increases. Antioxidant capacity is inversely proportional to acidity. This is because 
antioxidants protect berries from blight and other threatening factors, particularly insects that 
attack the berries. The observed data make it clear that the increase in derivatives of cinnamic 
acid during ripening is not specifi c for skins or for the pulp but increases in both parts of the 
berries simultaneously. Amounts of gallic acid are negligible when compared to sum amounts 
of derivatives of cinnamic acid and non-phenolic acids. Contents of gallic acid and other non-
acid compounds are more specifi c for location (skin and pulp), than acidity.
Cultivar Concord (V. labrusca) had the highest acidity with the maximum of non-
phenolic acids (9.28 g kg–1), titratable acids (7.94 g kg–1), and derivatives of cinnamic acids 
in the pulp (63.91 mg kg–1) and in skins (29.28 mg kg–1). This corresponds to the lowest 
values of pH (3.37) and antioxidant capacity (1.80 mM of Trolox). A value in similar order 
of magnitude, 0.80 mM was observed in skins of Concord (MUÑOZ-ESPADA, 2004).
2.2. Catechins, stilbenes, gallic acid, and anthocyanins
The trend for other compounds, such as catechins and gallic acid, was opposite to what was 
observed for derivatives of cinnamic acids – the higher the values for skin the lower the 
amounts seen in the pulp. The increase of concentrations of these two groups of compounds 
in skins is accompanied by an increase in contents of stilbenes and anthocyanins. The 
maximum levels of stilbenes (4.59 mg kg–1), catechins (7.75 mg kg–1), and gallic acid (0.37 
mg kg–1) were found in cultivar Attika, together with the minimum amounts for gallic acid in 
the pulp (0.08 mg kg–1) and a low content of catechins in the pulp (5.87 mg kg–1). The latter 
was nearing the minimum value of 5.30 mg kg–1 detected in cultivar Königliche Esther. Since 
anthocyanins slightly differ from the other compounds found in skins, such as gallic acid, 
catechins and stilbenes, cultivars where maximum and minimum levels were found were 
different as well (1334 mg kg–1 for Königliche Esther and 54 mg kg–1 for Chasselas rosé).
2.3. Pulp versus skins
A closer look on gallic acid, catechin, procyanidin B1, and procyanidin B2, which were 
studied in both parts of berries (pulp and skins), the two-dimensional principal component 
analysis (Fig. 1B) revealed that two substances (gallic acid and procyanidin B2) were in 
direct contrast in terms of their contents in skins and berries – the angle between the two 
factors was more than 90 degree (45.80% for the fi rst factor and 26.21% for the second 
factor). Time of ripening coincided with pulp to skin ratios for these two compounds (Fig. 2). 
This agrees with earlier studies (OBREQUE-SLIER et al., 2012; ANDJELKOVIC et al., 2013), which 
described that phenolic contents also change in addition to physiological properties.
Cultivars with procyanidin B2 ratio of up to 2.8 are ripening in August (Attika, Eszter, 
Königliche Esther, and Nero); a ratio over 3.2 was observed in cultivars ripening in September 
(Early Cardinal, Concord, and Chasselas rosé), and cultivar Muscat Bleu with the ratio of 
30.7 is ripening in September/October. This trend particularly coincides with works of JORDÃO 
and co-workers (2001), who observed, for two cultivars, that amounts of procyanidins B1 
and B3 in skins decreased during the maturation period, i.e. July to August; in the case of 
Castelão Francês, with reduction from 0.85 to 0.01 mg g–1 and from 0.17 to 0.01 mg g–1 for 
226 SOURAL et al.: DISTRIBUTION OF SUBSTANCES IN BLUE TABLE GRAPES
Acta Alimentaria 48, 2019
B1 and B3, respectively. A decrease was observed for Touriga Francesa cultivar as well. 
Unfortunately, contents in the pulp were not studied in this report. Similar results were 
obtained with gallic acid – cultivars with the ratio of up to 2.0 (Attika, Nero, and Königliche 
Esther) and Eszter (2.03) are ripening in August; cultivars with a ratio higher than 2.0 
(Chasselas rosé, Early Cardinal, Muscat bleu, and Concord) are ripening in September or late 
September/early October. For the interpretation of the correlation no clear function (e.g. 
linear, exponential, etc.) was found that would actually correspond to time of ripening to 
amounts of various compounds, or, more specifi cally, pulp to skins ratio of compounds vs. 
time of ripening. Higher content of phenolic compounds in skin than in pulp were observed 
by TOPALOVIC and MIKULIC-PETKOVSEK (2010), when the proportion of phenolics in pulp 
compared to skin ranged 14–23.9% for syringic acid, 1.2–6.3% for chlorogenic acid, 2.4–
12.1% for catechins, and 1.3–3.0% for total phenolics. Similarly lower values of anthocyanins 
in pulp than in skin were observed by HE and co-workers (2010).
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Fig. 2. Comparison of time of ripening to the pulp to skin ratio of gallic acid (A) and procyanidin B2 (B) 
concentrations for 8 cultivars
Correlation between procyanidin B2 and the time of harvest was studied using several 
types of mathematical functions, when correlation coeffi cient was 0.4646 for the linear 
function and determination indices were 0.6806, 0.4460, 0.9957, and 0.6682 for the 
exponential, logarithmic, polynomial, and power functions, respectively. By the same 
method, correlation was studied between gallic acid and time of ripening. Correlation 
coeffi cient (linear function) was 0.4830 and determination indices (in exponential, 
logarithmic, polynomial, and power functions) were as follows: 0.4554, 0.4898, 0.5540, and 
0.4601. In both cases, the highest indices were determined for the polynomial function. 
However, we do not assume that this mathematical characteristic actually describes ratios of 
compounds – rather, a gradual increase in the ratios is expected. This unstudied period opens 
up new possibilities of measurements for any future research into other cultivars.
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3. Conclusions
Blue cultivars of table grape were studied for concentrations of selected compounds in skins, 
pulp, and whole berries over a three-year period. Average values were studied in detail using 
PCA. Three clusters were formed by compounds or parts of berries: acidity (non-phenolic 
acids and cinnamic acids), pulp (catechins and gallic acid), and skins (non-phenolic acids and 
cinnamic acids, stilbenes and anthocyanins). For example, the highest average contents of 
measured catechins (7.75 mg kg–1) and stilbenes (4.58 mg kg–1) in skins were found in cultivar 
Attika. A closer look on contents of catechins with gallic acid in the pulp and in skins showed 
that pulp to skin ratios of gallic acid and procyanidin B2 corresponded well with the ripening 
time of cultivars. For cultivars ripening in August, i.e. Attika, Eszter, Königliche Esther, and 
Nero, the ratios were as follows: up to 2.0 for gallic acid (except for Esther: 2.03) and up to 
3.0 for procyanidin B2. Higher values were found for Chasselas rosé, Early Cardinal, Muscat 
bleu, and Concord, which are ripening in September/October. This observed effect can be 
useful for future grape studies, particularly for comparison with white cultivars.
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